It has already been reported by the authors (1, 2) on the ocular manifesta tions of riboflavin deficiency detected in clinical observations of so-called "Shibi -Gattchaki" patients and on the experimental studies of young ribofla vin-deficient rabbits.
In this paper the ocular manifestations of niacin defi ciency detected in clinical observations and experimental studies are reported.
CLINICAL OBSERVATIONS
In "Shibi-Gattchaki" patients some of the following symptoms have been observed by Irinoda (3) :(i) Angular blepharoconjunctivitis, (ii) Hyperemia, vascularization, and pigmentation at the corneal limbus, (iii) Superficial diffuse keratitis, (iv) Nodular formation at the iris, (v) Temporal pallor, redness, and opacity of the optic nerve, (vi) Retinal changes, such as silver-greyish patches, brown ish pigmentation, etc. In order to ascertain the relationships between these ocular signs and niacin deficiency, N1-methylnicotinamide (MNA) in urine was determined fluorometrically.
First, it was recognized that the school-children having seemingly a little nutritive deficiency showed as a rule a low urinary MNA. One group of out-and in-patients, was found, besides general symptoms mani festing ocular signs, to be in a somewhat serious condition and showed a low urinary MNA level.
Some school-children having pigmentation at the corneal limbus and one group of out-and in-patients were found also to have a low urinary MNA level.
From these examinations it was deduced that the ocular manifestations of the so-called "Shibi-Gattchaki" disease were for the most part due to the deficiency of both riboflavin and niacin, and that the symptoms have close connections with metabolic disturbance of thiamine. pyridoxine and other vitamins.
A recovering experiment was made by administering niacin and riboflavin and the progress of the ocular signs and the quantity of urinary MNA and blood riboflavin were compared during and after the treatment. Two typical cases are described below. (Table  ‡T) . 5. Ocular symptoms.
(i) Discharge from the eye, slight congestion at the peripheral conjunctiva, and increase, separation, and movement of the pigment at the limbi corneae to the bulbar conjunctiva (Fig. 3) .
(ii) Reactive congestion at the limbi corneae and a little corneal vascu larization.
FIG. 2
Urinary Niacin Excretion in Rabbits.
Pathohistological findings. (i) Slight chronic inflammation
at the limbi corneae, increase of the pigment at the limbi corneae, its separation and movement at the basal cell layer of the bulbar conjunctiva, and, in a few cases, a slight corneal vascula rization. (Fig. 4) (ii) Separation and movement to rod and cone layer of the pigment at the pigment epithelium. (Fig.  5) .
( In relatively younger rabbits those symptoms occurred early and rapidly progressed in severeness appearing on an average in 40-60 days.
The deficient animals subsisted for 23-90 days. They were killed before further emaciation. Niacin was determined by the colorimetric method, using cyanogen bromide and p-aminoacetophenone according to Katsura et al. (8) , Saito (9) , and Fujita (10) . Riboflavin and niacin in the urine and blood of the animals in niacin deficiency were determined; after the animals were killed, niacin in the liver and kidney was determined.
The determi nation of the vitamins was also made with riboflavin plus niacin-deficient animals in order to compare with the simple niacin deficiency.
Niacin was also determined after administering 100mg of tryptophan as it is expected to change into niacin in vivo. The survival periods of the rabbit were 23-30 days. As ocular symptoms, a little discharge at the internal canthus and a slight congestion at the palpebral conjunctiva appeared together with general symp toms; in the coloured animals, increase, separation, and movement of the pigment at the limbi corneae to the bulbar conjunctiva appeared followed by a slight pericorneal injection in several cases and a slight corneal vasculari zation in albino rabbits.
In simple niacin deficiency, superficial diffuse keratitis was very slight and the cornea did not stain with fluorescein. As ocular changes of human pellagra have been reported pellagra eruption at the eyelids, retrobulbar neuritis, Bitot's spot of the bulbar conjunctiva, albescent punctate retinitis-like symptom, bulbar congestion, phlyctaenulous eruption, white patches and pigmentation at the macular region, and pigmentation at the limbus corneae.
Some "Shibi-Gattchaki" patients with pigmentation at the limbus corneae have been reported by the authors to have a low niacin level.
Of course, pellagra is not caused by simple niacin deficiency. In crease, separation, and movement of the pigment at the limbus corneae caused by niacin deficiency were brought about in coloured rabbits, but not in albino animals. Separated and moved pigment was found mostly in the basal cells of the bulbar conjunctiva, whereas the control animals manifested no ocular change.
In regard to the appearance of this pigment, Matsuoka (14) has reported the appearance of much pigmentation in the bulbar conjunctiva in vitamin A-deficient rabbits and ascribed the pigmentation to the increase of melanin pigment.
Tomii (15) has reported, in his experimental studies on limbal pigment of xerosis bulbi, an abnormal pigmentation and a partial separation of the pigment accompanied by keratosis of bulbar conjunctiva, and the move ment of some pigment at the limbus corneae to bulbar conjunctiva, with the decrease of the pigment at the limbus corneae.
Umetani (16) and Tomii (17) have ascribed the pigment formation at an artificial wound of the corneae and the disappearance of the pigment at the limbus to the shifting of the pigment at the limbus corneae.
As for the movement of the pigment at the limbus corneae, such changes as the above-mentioned increase of melanin pigment with hypertrophy at basal cells due to keratosis, a local reactive epithelization by trauma and other causes as well as inflammatory change were enumerated; generally, the pigment at the limbus corneae separated; the movement of the pigment at the limbus corneae is considered to be caused by such nutritional disturbances as niacin deficiency.
SUMMARY
The following ocular changes were observed in the rabbit in niacin de ficiency.
(1) Increase, separation, and movement of the pigment at the limbi corneae. (2) Reactive congestion at the limbi corneae and a little corneal vasculariza tion.
(3) Separation and movement to rod and cone layer of the pigment at the pigment epithelium.
(4) Slight degeneration in the ganglion cells in the retina.
Various ocular changes resembling those observed in "ShibiGattchaki" patients as well as pellagrins have been produced in niacin defi ciency of the rabbit.
Further, the following relations between riboflavin and niacin were observed in riboflavin plus niacin-deficient rabbits. (1) In the riboflavin-deficient animals, urinary riboflavin was far less than that of the control animals:
urinary riboflavin excretion in the load test was markedly less, indicating a low riboflavin saturation, and the riboflavin levels in the viscera (liver, kidneys, lungs, and heart) were lower than those in the control animals whether riboflavin had been loaded or not. (2) In the niacin-deficient animals, urinary niacin decreased more remark ably than in the control animals, and in the niacin plus riboflavin-deficient animals, urinary niacin fell slightly more than in the niacin-deficient animals. By tryptophan administration, urinary niacin rose temporarily and then fell rapidly till finally disappeared
The niacin levels in the viscera of these deficient animals were lower than those in the control animals.
(3) Niacin content of the viscera in the niacin plus riboflavin-deficient ani mals showed seemingly a tendency to decrease more than that in the niacindeficient animals (4) In the niacin-deficient animals, the riboflavin levels in the viscera were always lower than those in the control animals, whether riboflavin had been loaded or not.
From these results it is assumed that niacin and riboflavin compensate for each other, performing synergetic actions in consuming the vitamins in vivo.
There may be some other inseparable relationships between the two vitamins, since riboflavin deficiency brought about niacin deficiency.
